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1
IMAGE SENSOR ILLUMINATED AND
CONNECTED ON ITS BACK SIDE

This application claims the priority benefit of French
Patent application number 14/62456, filed on Dec. 15, 2014,
the contents of which is hereby incorporated by reference in
its entirety to the maximum extent allowable by law.

BACKGROUND

Technical Field

The present disclosure relates to an image sensor and to
a method for manufacturing the same.

Description of the Related Art

Image sensors comprising a semiconductor layer having a
first side, called back side, intended to receive an illumina-
tion, and having a second side, called front side, coated with
an interconnection structure, are known. Components such
as transistors are also currently formed on the front side.
Such image sensors where insulated connections run from
the interconnection structure up to the back side through the
semiconductor layer are here considered. Such insulated
connections are generally formed in openings which are
wide as compared with the width of insulating walls formed
between pixel areas of the image sensor, the insulating walls
being formed from the front side and the wide openings
being formed from the back side.

This type of image sensor has various disadvantages,
some of which are desired to be overcome herein.

BRIEF SUMMARY

Thus, an embodiment comprises an image sensor com-
prising a semiconductor layer; a stack of insulating layers
resting on the back side of the semiconductor layer; a
conductive layer portion extending along part of the height
of the stack and flush with the exposed surface of the stack;
laterally-insulated conductive fingers extending through the
semiconductor layer from its front side and penetrating into
said layer portion; laterally-insulated conductive walls sepa-
rating pixel areas, the walls extending through the semicon-
ductor layer from its front side and having a lower height
than the fingers; and an interconnection structure resting on
the front side of the semiconductor layer and comprising
vias in contact with the fingers.

According to an embodiment, the semiconductor layer is
made of silicon.

According to an embodiment, the stack successively
comprises a first silicon oxide layer resting on the back side,
a silicon nitride layer, and a second silicon oxide layer.

According to an embodiment, the walls cross the first
oxide layer and penetrate into the silicon nitride layer, the
fingers cross the first oxide layer and the silicon nitride layer,
and said layer portion extends along the entire height of the
second oxide layer.

According to an embodiment, the walls and the fingers are
made of doped polysilicon lined with an insulating layer.

According to an embodiment, the width of the walls and
of the fingers is smaller than 0.5 pm.

An embodiment provides a method of manufacturing an
image sensor comprising the successive steps of:

a) forming a stack of insulating layers on the back side of
a semiconductor layer;

b) simultaneously etching from the front side of the
semiconductor layer first trenches and second trenches shal-
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2

lower than the first ones, the first trenches penetrating into
said stack, the second trenches separating pixel areas of the
image sensor;

¢) forming an insulating layer on the walls of the first and
second trenches;

d) filling the first and second trenches with a first con-
ductive material;

e) on the front side of the semiconductor layer, forming an
interconnection structure comprising vias in contact with the
first conductive material filling each first trench;

f) etching a cavity in the stack to expose the first con-
ductive material filling each of the first trenches; and

g) filling said cavity with a second conductive material.

According to an embodiment, at step b), a masking layer
comprising first and second openings is formed on the front
side, the first openings being wider than the second open-
ings.

According to an embodiment, said stack successively
comprises a first silicon oxide layer resting on the back side,
a silicon nitride layer, and a second silicon oxide layer and,
at step b), the first trenches are etched all the way into the
second silicon oxide layer, the nitride layer being used as an
etch stop layer at step ).

The foregoing and other features and advantages will be
discussed in detail in the following non-limiting description
of specific embodiments in connection with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a cross-section view schematically showing an
example of an image sensor;

FIG. 2 is a cross-section view schematically showing an
embodiment of an image sensor; and

FIGS. 3A to 3E are simplified cross-section views illus-
trating successive steps of a method of manufacturing the
image sensor of FIG. 2.

DETAILED DESCRIPTION

The same elements have been designated with the same
reference numerals in the various drawings and, further, the
various drawings are not to scale.

In the following description, when reference is made of
terms qualifying the position and orientation such as “left-
hand”, “right-hand”, “bottom”, “above”, “under”, “upper”,
“lower”, etc., reference is made to the representation of the
concerned elements in the drawings to which reference is
made.

FIG. 1 is a cross-section view schematically showing an
example of an image sensor.

The image sensor comprises a P-type doped semiconduc-
tor layer 1 having its back side F1 intended to receive an
illumination and coated with insulating layers 3, and having
its front side F2 coated with an interconnection structure 5.
The assembly of semiconductor layer 1, of insulating layers
3, and of the interconnection structure is mounted on a
support 7, the interconnection structure extending between
support 7 and semiconductor layer 1. Interconnection struc-
ture 5, only a portion of which is shown, is formed from
portions of metal layers 9 separated by insulating layers 11
crossed by vias 13.

On the right-hand side of FIG. 1, semiconductor layer 1
comprises photodiodes 15 and components such as transis-
tors formed on front side F2. Two photodiodes 15 corre-
sponding to pixels and to gate 17 of a transistor are shown.
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Each photodiode comprises an N-type doped layer 19
formed in semiconductor layer 1. Insulating layers 3 are
used as antireflection layers and are coated, in front of each
photodiode 15, with a color filter 21 topped with a lens 23.
Walls 25 made of semiconductor material 27 lined with an
insulating layer 29 extend through semiconductor layer 1
from its front side F2 and separate the photodiodes from one
another. At the level of front side F2, the image sensor
components and conductive material 27 of walls 25 are in
contact with vias 13 of interconnection structure 5.

On the left-hand side of FIG. 1, an insulated connection
31 enables to create a contact between an element of
interconnection structure 5 and a pad, not shown, formed on
the back side of the image sensor. Insulated connection 31
is formed from an opening 33 having its lateral walls coated
with an insulating layer 35, and with a metal layer 37 coating
insulating layer 35 and the bottom of opening 33. Opening
33 is wider than walls 25 for example, 100 times wider.
Opening 33 extends from the exposed surface of stack 3 of
insulating layers all the way to front side F2 of semicon-
ductor layer 1, and crosses a silicon oxide layer 39 formed
in semiconductor layer 1 on its front side F2. At the bottom
of opening 33, metal layer 37 is in contact with a doped
polysilicon layer 41 which is connected by vias 13 to an
element of the interconnection structure.

In practice, this image sensor comprises many insulated
connections 31 and, in top view, not shown, insulated
connections 31 are arranged around a central area of the
image sensor having photodiodes 15 and the associated
components formed therein.

To manufacture the image sensor of FIG. 1, walls 25 are
formed from front side F2 of semiconductor layer 1, after
which the interconnection structure is formed on side F2.
The assembly of semiconductor layer 1 and of interconnec-
tion structure 5 is then mounted on support 7 as shown in
FIG. 1. Then, only openings 33 are formed by reactive ion
etching from the exposed surface of stack 3, or back side of
the sensor, and insulated connections 31 are formed in
openings 33.

This manufacturing method implies providing a succes-
sion of steps carried out from the back side of the sensor to
form openings 33 and insulated connections 31 running
from this back side to front side F2 of the semiconductor
layer. This complicates the sensor manufacturing method
and brings about several disadvantages. Due to the fact that
the openings are formed from the back side of the sensor and
that they have a significant width, currently a side length or
a diameter greater than 50 um, it is difficult to obtain a sensor
having a planar back side, which complicates the forming of
filters 21 and of lenses 23 on this side. The forming of
openings 33 by reactive ion etching introduces fixed charges
into semiconductor layer 1 and into components of the
sensor, which disturbs its proper operation. Further, on
etching of openings 33, polysilicon layer 41 may be over-
etched, which may degrade the quality of the electric con-
nection between interconnection structure 5 and insulated
connection 31.

FIG. 2 is a cross-section view showing an embodiment of
an image sensor.

The image sensor comprises, on a support 7, an intercon-
nection structure 5, a P-type doped semiconductor layer 1,
and a stack 3 of insulating layers. Elements 1, 3, 5, and 7 are
arranged relative to one another in the same way as in FIG.
1. More particularly, in this example, stack 3 successively
comprises insulating layers 51, 53, and 55, layer 51 resting
on back side F1 of semiconductor layer 1.
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On the right-hand side of FIG. 2, the sensor comprises
photodiodes 15, components such as transistors, walls 25
separating the photodiodes, and filters 21 resting on stack 3
opposite the photodiodes, each filter being topped with a
lens 23. As previously described, walls 25 are made of a
conductive material 27 lined with an insulating layer 29 and
extending through semiconductor layer 1 from its front side
F2. In this example, walls 25 penetrate into insulating layer
53 of stack 3. At the level of front side F2, image sensor
components and walls 25 are connected to vias 13 of
interconnection structure 5.

On the left-hand side of FIG. 2, fingers 57 made of
conductive material 27 laterally lined with an insulating
layer 29 enable to create a contact between an element of
interconnection structure 5 and a metal pad 59 formed on the
back side of the sensor. Each finger 57 extends from front
side F2 of semiconductor layer 1 and penetrates into pad 59,
and the portion of the finger penetrating into the pad is not
lined with insulating layer 29. Metal pad 59 is flush with the
back side of the sensor and, in this example, extends along
the entire height of insulating layer 55. On front side F2,
semiconductor layer 1 may comprise a shallow recess filled
with an insulator 61 lining a lower portion of each finger 57.
At the level of front side F2, fingers 57 are connected to an
element of interconnection structure 5 by vias 13. Thus,
fingers 57 are used as an insulated connection between pad
59 formed on the back side of the sensor and vias 13 of the
interconnection structure arranged on front side F2 of semi-
conductor layer 1.

FIGS. 3A to 3E are simplified cross-section views illus-
trating successive steps of an embodiment of the image
sensor of FIG. 2.

FIG. 3A shows a structure successively comprising a
semiconductor layer 1, a stack 3 of successive insulating
layers 51, 53, and 55, and a handle or a support 63 such as
a silicon wafer, insulating layer 51 resting on a side F1 of
semiconductor layer 1. A masking layer 65 has been depos-
ited on side F2 of semiconductor layer 1 opposite to its side
F1. Masking layer 65 comprises openings 67 and 69 at the
locations where fingers and walls are desired to be formed,
respectively. In this example, the semiconductor layer com-
prises a shallow recess filled with an insulator 61 formed on
side F2 above openings 67. Trenches 71 and 73 are simul-
taneously formed through semiconductor layer 1 all the way
into stack 3 of insulating layers 51, 53, and 55 by etching
from openings 67 and from openings 69 respectively. Open-
ings 67 are selected to be wider than openings 69 so that
trenches 71 are deeper than trenches 73. In this example,
trenches 71 cross insulating layers 51 and 53 and penetrate
into insulating layer 55, and trenches 73 cross insulating
layer 51 and penetrate into insulating layer 53.

Semiconductor layer 1 may be made of silicon, germa-
nium, or of any other semiconductor material capable of
forming an image sensor. In this example, layer 1 is P-type
doped. Stack 3 may be formed of a silicon oxide layer 51
formed by thermal oxidation, of a silicon nitride layer 53,
and of a deposited silicon oxide layer 55. The width of
trenches 71 and 73 is for example smaller than 2 pm,
preferably smaller than 0.5 um, and may be equal to 0.35 pm
and 0.2 pm, respectively. The thickness of semiconductor
layer 1 may be in the range from 2 to 5 pm, and is for
example equal to 3 um. The thickness of thermal oxide layer
51 may be in the range from 5 to 20 nm, and is for example
equal to 7.5 nm. The thickness of silicon nitride layer 53
may be in the range from 30 to 80 nm, and is for example
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equal to 55 nm. The thickness of deposited oxide layer 55
may be in the range from 80 to 200 nm, and is for example
equal to 100 nm.

FIG. 3B shows the structure of FIG. 3A after the depo-
sition of an insulating layer 29 which covers the walls of
trenches 71 and 73, followed by the deposition of a layer of
a conductive material 27 which fills trenches 71 and 73.
Fingers 57 of an insulated connection and insulated conduc-
tive wall 25 are thus formed. Material 27, insulating layer
29, and masking layer 65 have been removed from surface
F2. Before or after the forming of walls 25 and of fingers 57,
the image sensor components are formed in semiconductor
layer 1 from its surface F2. These components for example
include photodiodes 15 each comprising an N-type doped
layer 19 extending between walls 25 and transistors, a gate
17 thereof being schematized.

As an example, conductive material 27 may be heavily-
doped polysilicon, for example, of type P, where the dopant
atom concentration may be greater than 10'° at-cm™. Insu-
lating layer 29 may be formed of a silicon oxide layer coated
with a silicon nitride layer used as a diffusion barrier. The
thickness of insulating layer 29 may be in the range from 5
to 30 nm, and is for example equal to 25 nm.

FIG. 3C shows the structure of FIG. 3B after the forming
of an interconnection structure 5 on side F2 of semiconduc-
tor layer 1 by successive steps of depositing and etching
insulating layers 11 and metal layers. These steps are carried
out so that interconnection structure 5 comprises elements,
for example, vias 13, connected to components of the image
sensor and to conductive material 27 of walls 25 and of
fingers 57.

FIG. 3D shows the structure of FIG. 3C flipped and fixed
to a handle or a support 7 such as a silicon wafer, intercon-
nection structure 5 extending between support 7 and semi-
conductor layer 1. Support 63 has been removed. Above
fingers 57, a cavity 79 has been etched in insulating stack 3
so that a portion of conductive material 27 of each finger 57
protrudes above the bottom of cavity 79. In this example,
insulating layer 53 of stack 3 is used as an etch stop layer and
cavity 79 extends along the entire height of insulating layer
55.

FIG. 3E shows the structure of FIG. 3D after forming in
cavity 79 a conductive pad 59 for example comprising a
tantalum and/or tantalum nitride layer topped with an alu-
minum layer. Pad 59 is flush with the exposed surface of
stack 3 and the sensor has a planar back side. At next steps,
not shown, an assembly of a color filter 21 topped with a lens
23 is formed on the back side of the sensor, opposite each
photodiode.

As previously described in relation with FIGS. 3A to 3E,
in the method of manufacturing an image sensor of the type
in FIG. 2, insulated conductive walls 25 and insulated
connections formed from fingers 57 are simultaneously
formed from the same front side F2 of a semiconductor layer
1.

This simultaneous forming of insulated conductive walls
25 and of fingers 57 of connection from the front side of the
sensor has many advantages. First, it results in a decrease of
the number of manufacturing steps of an image sensor of the
type in FIG. 2 as compared with a sensor of the type in FIG.
1. Another advantage is that the back side of the sensor is
planar and thus that the steps of forming color filters 21 and
lenses 23 on this surface are simpler to implement than in a
sensor of the type in FIG. 1.

Further, to compare an insulated connection of the type in
FIG. 1 with an insulated connection of the type in FIG. 2,
tests carried out by the inventors have shown that an
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6

insulated connection of the type in FIG. 2 has a total access
resistance smaller than that of an insulated connection of the
type in FIG. 2. This may particularly be imputed to the fact
that the contact resistance between conductive fingers 57 of
an insulated connection of the type in FIG. 2 and vias 13 of
an interconnection structure 5 is particularly low.

Specific embodiments have been described. Various
alterations, modifications, and improvements will readily
occur to those skilled in the art. In particular, it should be
understood that fingers 57 may be used as an insulated
connection between two opposite sides of a semiconductor
layer in the case where a device other than an image sensor
is formed in this semiconductor layer, for example, a device
comprising no photodiodes.

The dimensions, the conductivity types, and the materials
of the various regions previously indicated as an example
may be adapted by those skilled in the art. For example,
semiconductor layer 1 may be N-type doped, layer 19 of
each photodiode 15 then P-type doped. A stack 3 of insu-
lating layers comprising other layers than those previously
indicated may also be provided.

Steps of the manufacturing method may be modified,
added or suppressed and the order in which these steps are
carried out may be adapted by those skilled in the art. In
particular, the width of openings 69 and 71 may be adapted
according to the depth of trenches 71 and 73 which are
desired to be formed and these trenches may penetrate into
stack 3 of insulating layers all the way to levels different
from those previously indicated. It is possible to form no
insulator 61 in semiconductor layer 1.

Such alterations, modifications, and improvements are
intended to be part of this disclosure, and are intended to be
within the spirit and the scope of the present invention.
Accordingly, the foregoing description is by way of example
only and is not intended to be limiting.

The various embodiments described above can be com-
bined to provide further embodiments. These and other
changes can be made to the embodiments in light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the speci-
fication and the claims, but should be construed to include
all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

The invention claimed is:

1. A method, comprising:

manufacturing an image sensor, the manufacturing

including:

forming a stack of dielectric layers on a back side of a

semiconductor layer, the semiconductor layer have a
front side opposite to the back side;

simultaneously etching, starting from a front side of the

semiconductor layer, first and second trenches through
the semiconductor layer and into the stack to first and
second depths, respectively, the first depths of the first
trenches being deeper into the stack than the second
depths of the second trenches;

forming pixels in the semiconductor layer, the second

trenches separating the pixel from each other;
forming a dielectric liner layer on walls of the first and
second trenches;

filling the first and second trenches with a layer of a first

conductive material, wherein filling the first and second
trenches includes forming laterally-insulated conduc-
tive fingers extending through the semiconductor layer
from a front side of the semiconductor layer and
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forming conductive walls that, together with the dielec-
tric liner layer in second trenches, separate the pixels
from each other, the walls extending through the semi-
conductor layer from the front side and having a lower
height than the fingers;

forming a conductive layer extending along part of a

height of the stack and flush with an exposed surface of
the stack, the conductive layer portion contacting the
conductive fingers; and

forming an interconnection structure on the front side of

the semiconductor layer and including vias in contact
with the fingers.

2. The method of claim 1, wherein forming the conductive
layer includes:

etching a cavity into said stack;

filling the cavity with a second conductive material.

3. The method of claim 1, wherein:

forming the interconnection structure includes forming

vias in contact with the first conductive material filling
each first trench and forming a via in contact with one
of the conductive walls.
4. The method of claim 1, wherein;
forming said stack comprises successively forming a first
silicon oxide layer on the back side, forming a silicon
nitride layer on the first silicon oxide layer, and forming
a second silicon oxide layer on the silicon nitride layer;

etching the first trenches includes etching the first
trenches into the second silicon oxide layer; and

etching the cavity includes etching the cavity into the
second silicon oxide layer while using the nitride layer
as an etch stop layer that prevents etching through the
nitride layer.

5. The method of claim 1, further comprising forming a
masking layer, having first and second openings, on the front
side of the semiconductor layer prior to etching the first and
second trenches, the first openings being wider than the
second openings.

6. A method, comprising:

manufacturing an image sensor, the manufacturing

including:

forming insulating dielectric layer on a first side of a

semiconductor layer;

simultaneously etching first trenches and second trenches

starting from a second side of the semiconductor layer,
the second trenches being shallower than the first
trenches;

forming dielectric liners on walls of the first and second

trenches;
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filling the first and second trenches with a first conductive

material; and

forming a plurality of pixels in the semiconductor layer,

the second trenches separating the pixels from each
other.

7. The method of claim 6, wherein the first trenches
extend into the dielectric layer.

8. The method of claim 6, comprising:

on the second side of the semiconductor layer, forming an

interconnection structure including vias in contact with
the first conductive material filling each first trench.

9. The method of claim 6, wherein forming the dielectric
layer includes forming a stack of dielectric insulating layers,
the method further comprising:

etching a cavity in the stack to expose the first conductive

material filling each of the first trenches; and
filling said cavity with a second conductive material.
10. The method of claim 9, wherein forming the stack of
dielectric layers includes forming a first silicon oxide layer
on the first side, forming a silicon nitride layer on the first
silicon oxide layer, and forming a second silicon oxide layer
on the silicon nitride layer.
11. The method of claim 10, wherein:
etching the first trenches includes etching the first
trenches into the second silicon oxide layer; and

etching the cavity includes etching the cavity while using
the nitride layer as an etch stop layer that prevents
etching through the nitride layer.

12. The method of claim 6, further comprising forming a
masking layer, having first and second openings, on the
second side of the semiconductor layer prior to etching the
first and second trenches, the first openings being wider than
the second openings.

13. The method of claim 6, further comprising forming a
conductive layer extending into the stack, the conductive
fingers extending into the conductive layer, and the conduc-
tive layer being a second conductive material that is different
from the first conductive material.

14. The method of claim 1, wherein:

etching a cavity into said stack includes exposing top

sides and upper sidewalls of the conductive fingers by
etching a portion of one of the dielectric layers of the
stack and etching portions of the dielectric liners cov-
ering the upper sidewalls;

filling the cavity with a second conductive material that

contacts the top sides and upper sidewalls of the
conductive fingers.
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